We have computed trajectories, distances and times of closest approaches to the Sun by stars in the Solar neighborhood with known position, radial velocity and proper motions. For this purpose we have used a full potential model of the Galaxy that reproduces the local z-force, the Oort constants, the local escape velocity, and the rotation curve of the Galaxy. From our sample we constructed initial conditions, within observational uncertainties, with a Monte Carlo scheme for the twelve most suspicious candidates because of their small tangential motion. We find that the star Gliese 710 will have the closest approach to the Sun, with a distance of approximately 0.34 pc at 1.36 Myr in the future. We show that the effect of a flyby with the characteristics of Gliese 710 on a 100 AU test particle disk representing the Solar system is negligible. However, since there is a lack of 6D data for a large percentage of stars in the Solar neighborhood, closer approaches may exist. We calculate parameters of passing stars that would cause noticeable effects on the Solar disk. Regarding the birth cloud of the Sun, we performed experiments to reproduce roughly the observed orbital parameters such as eccentricities and inclinations of the Kuiper Belt. It is known now that in Galactic environments, such as stellar formation regions, the stellar densities of new born stars, are high enough to produce close encounters within 200 AU. Moreover, in these Galactic environments, the velocity dispersion is relatively low, typically σ ∼ 1-3 km s −1 . We find that with a velocity dispersion of ∼1 km s −1 and an approach distance of about 150 AU, typical of these regions, we obtain approximately the eccentricities and inclinations seen in the current Solar system. Simple analytical calculations of stellar encounters effects on the Oort cloud are presented.
INTRODUCTION
Observations of extrasolar planets (e.g. Schneider 2010) show that planetary orbits in other planetary systems are disordered, showing a wide range of eccentricities. For extrasolar planets with semi-major axes a 0.1 AU, the mean of the eccentricity distribution is e ≈ 0.3 and the median is e ≈ 0.24 (Adams 2010) . Thus, available data indicate that planetary systems discovered the last decade are more dynamically active and disordered than our own (Udry & Santos 2007; Adams 2010) .
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A study of planetary disc dynamics under the stellar influence of different Galactic environments is presented in a set of papers. In this work we introduce the first two Galactic environments related to the Sun: the Solar neighborhood and the birth cloud of the Sun.
The Solar neighborhood has been defined as the region of space centered on the Sun that is much smaller than the overall size of the Galaxy, and whose contents are known with reasonable completeness (Gilmore 1992; Binney & Tremaine 2007) . Now, from a theoretical simple approximation, it seems clear that the probability in the current Solar neighborhood to have an important encounter for the planetary system, with another star (i.e. less than 300 AU for a solar mass stellar flyby), is almost negligible. Let us for example, consider a typical stellar density for the Solar neighborhood of approximately 0.05 M⊙ pc 3 , we can calculate the mean free path, λ, for approaches within say 300 AU, as the radius of a cross section, σ, and setting 50 km/s as the typical velocity dispersion, σv, in the Solar neighborhood, we find that the time necessary, in the current conditions of velocity dispersion and density of the Solar neighborhood, to see an encounter within 300 AU with the Sun (or between any couple of stars in these dynamical conditions), would be, t ≈ λ/ v ≈ 1/σnσv, that corresponds to approximately three Hubble times. On the other hand, García-Sánchez et al. (2001) , by comparing Hipparcos observations with the stellar luminosity function for star systems within 50 pc of the Sun, estimate that only about one-fifth of the star systems were detected by Hipparcos, and they correct for that incompleteness in the data obtaining about 12 stellar encounters per Myr within one pc of the Sun.
However, in the case of the Solar system it is clear that a rough approximation, is not good enough. First with Hipparcos, and some knowledge of the local and global Galactic potential we are now able to compute orbits of neighboring stars and determinate at good approximation distances, times, etc. to stars in the Solar neighborhood at every time within a few million years. This will improve enormously in the near future with the advent of large surveys of the Milky Way such as GAIA. For now we are not close to having a complete set of 6-dimensional information (position and velocity) of all stars near the Sun. In this paper we take the nearest stars to the Sun with proper motions, parallaxes and radial velocities and we compute their past and future trajectories as well as their closest approach, distance and time. Thus, for our purposes, the Solar neighborhood is the radius of the sphere that contains all the stars (with 6-dimensional parameters known), whose maximum approach to the Sun was or will be less than 5 pc within 10 Myr to the past or to the future, this is approximately 200 pc.
On the other hand, even when, in the current Solar neighborhood conditions, the probability of close stellar approaches is almost negligible, it is now known that as many as 90% of stars appear to form in clusters or groups with 10 2 to 10 3 members (Carpenter 2000; Lada & Lada 2003; Clark et al. 2005; Adams 2010 ). Short-lived radioisotopes in Solar meteorites argue that formation happened near at least one massive star, probably in a large cluster (Goswami & Vanhala 2000; Meyer & Clayton 2000; Hester et al. 2004; Looney et al. 2006; Wadhwa et al. 2007 ). In their early stages, most stars were in relatively crowded environments. In such environments, close stellar encounters would be frequent and affect the stability of planetary systems around the stars (de la Fuente Marcos & de la Fuente Marcos 1997; Laughlin & Adams 1998; Hurley & Shara 2002; Pfahl & Muterspaugh 2006; Spurzem et al. 2010) .
Some work has been devoted to searching for stellar perturbers of the cometary disks and clouds. Mathews (1994) identified close approaches for six stars within the next 5 × 10 4 yr, within a radius of about 5 pc. García-Sánchez et al. (1997) started a search for stars passing close to the Sun using Hipparcos data, assuming a straight line motion model. Subsequently García-Sánchez et al. (1999) continued their search by integrating the motion of the candidate stars and the Sun in a local Galactic potential and in a simple global Galactic Potential. More recently, Bobylev (2010) presents a study of the closest encounters of stars in the Solar neighborhood with the Sun, using also a simple local approximation to integrate orbits.
Of course, a star passing near the Sun has greater effect on the Oort cloud -an extremely extended structurethan on the planetary disk. However, in the solar system, the Kuiper belt has properties acquired early in its history, and some of these are difficult to explain under the assumption that the solar system has been always isolated, such as the excitation of the eccentricities and inclinations in the classic belt; the mass deficit of the Kuiper belt, and the sharp outer edge of the classical belt at approximately 48 AU. Beyond this boundary, only high-eccentricity objects typical of the scattered disk or of the detached population seem to exist, and finally, the existence of some mysterious large bodies (approximately Pluto size), with extreme eccentricities and perihelia (Sedna). One of the most accepted theories to explain the characteristics of Kuiper Belt, is then based on the idea that a close stellar passage could have taken place in the early history of our planetary system (Ida et al. 2000; Kobayashi & Ida 2001) . In this paper we experiment with stellar encounters on a 100 AU particle disk, looking for the minimum distance where an encounter is important, and we seek to produce Kuiper belt orbital characteristics such as eccentricities and inclinations. This paper is organized as follows. In Section 2, we describe the methods and numerical implementation. In Section 3 we present the stellar sample of the Solar neighborhood and our results for this first Galactic environment. In Section 4 we show the results of the Sun's birth cluster. Conclusions are presented in Section 5.
METHODOLOGY AND NUMERICAL IMPLEMENTATION
We have implemented two codes to solve the equations of motion. The first calculates stellar trajectories in the Solar vicinity with all their observational orbital parameters known (positions and velocities) in a Milky-Way-like potential. The second simulates debris discs under the influence of stellar encounters.
The Solar Neighborhood Code
We calculate the trajectory of stars with known 6D data (derived from α, δ, radial velocity and proper motions known) to determinate the distance and time (past or future) of their closest approach to the Sun. Instead of using a straight line approximation to solve the stellar orbits in the Solar neighborhood, we solved the orbits in a Milky-Way-like Galactic potential (Pichardo et al. 2003 .
The axisymmetric part of the model consists of a background potential with a bulge, a flattened disk (Miyamoto & Nagai 1975 ) with a scale-height of 250 pc, and a massive halo extending to a radius of 100 kpc. The model has a total mass of 9 × 10 11 M⊙, with a local escape velocity of 536 km s −1 . This potential satisfies observational constraints such as the Galactic rotation curve, with a rotation velocity of 220 km s −1 at R0 = 8.5 kpc, the perpendicular force at the Solar circle, and the Oort constants, among others (for more details see Pichardo et al. 2003 Pichardo et al. , 2004 Martos et al. 2004; Antoja et al. 2009 ). Given data in the equatorial system are transformed to Galactic coordinates. The equations of motion are solved with a Bulirsh-Stoer adaptive integrator (Press et al. 1992 ) that gives relative errors for the integrals of motion (total energy, z component of angular momentum, for the axisymmetric potential, or Jacobi constant, for the barred or armed potential) of 10 −10 in the worst case (when the non axisymmetric components of the Galaxy are included). The Sun is located 8.5 kpc from the Galactic nucleus and 0.035 kpc above the the plane of the disc. The velocity along the x axis is -9 km s −1 and on the y axis is -220 km s −1 . This code computes distances, times, velocities and uncertainties for stars at the moment of maximum approach to the Sun within observational uncertainties. These are obtained from catalogs, and data basis mainly (Simbad, Hipparcos, Nexxus 2) and papers (Bower et al. 2009; Dybczynski 2006; García-Sánchez et al. 1999) . Initial conditions are constructed as normal random values within observational uncertainties (note that it is the uncertainty in parallax the one with the normal distribution, not the uncertainty in distance). Ten thousand orbits were computed as initial conditions for each star in order to obtain the final error bars.
In the original version of the code, additionally to the background axisymmetric potential, it included nonaxisymmetric features: spiral arms and bar (Pichardo et al. 2003 . In the same way as García-Sánchez et al. 2001 , who constructed a potential including a very simple axisymmetric background and weak spiral arms (pitch angle of ∼ 6.9 o ), we conclude that the difference between using a full Galactic model and an axisymmetric model among the Solar neighborhood stars is negligible (within ≈ 3% for the most distant stars to the Sun in this study). Although there is evidence that the existence of spiral arms and bars have direct influence on the local stellar distribution and evolution (Dehnen 2000; Chakrabarty 2007; Antoja et al. 2009 ), the time we run the orbits is rather short ( 10 7 years), much less than a dynamical time, and not enough to produce a noticeable difference in the orbits produced by the non-axisymmetric potential. To facilitate the calculations we performed the final calculations only with the axisymmetric background potential of the Galaxy, since the bar and arms are not of importance in this time scale.
The Stellar Encounter Code
The second code is a 3D particle code that calculates the interaction of a planetary system (a central star and a disk of test particles) with a second stellar body (a flyby star).
The sampling of test particles goes as a ∝ n −3/2 , where a is the initial radius of a particle orbit and n is the number of the orbit; these test particles are affected by the gravitational forces of both the central star and the flyby star; and the equations of motion are solved for the central stars (Suns) non-inertial frame of reference. The code calculates the main orbital characteristics of each of the test particles simulating a debris disk after the flyby; it calculates the semi-major axis, the eccentricity, and the inclinations. The Bulirsh-Stoer integrator gives a maximum relative error be- fore the flyby of 10 −14 and 10 −13 in the energy and angular momentum integrals, respectively.
In Figure 1 , we show the schematics of the relevant parameters used on the code of a stellar encounter. The dark disk in the center of the system represents the planetary disk, the gray sphere represents the radius of the minimum distance of the flyby, and the bright disk is tangent to the sphere at the point of minimum distance. The flyby attack angles are: φ, the azimuthal angle with respect to the disc, it goes from 0 o to 360 o ; θ, the polar angle with respect to the disc, goes from -90 o to 90 o ; and α, the angle between the flyby plane orbit and the symmetry axis of the planetary disc, it goes from 0 o to 360 o . With the purpose of covering several Galactic stellar environments, and to acquire a physical idea of what parameters are the most relevant in this kind of interaction, besides the specific applications of this code to the Sun's birth cluster and the current Solar environment, we computed more than a thosand experiments covering the different Galactic ranges in distance (stellar closest approximation), velocities, angles of flyby trajectories and stellar masses. For distance: 5 to 1000 AU, for velocity: 1 to 180 km/s, for mass: 1 Jupiter mass to 4 Solar masses. Regarding flyby attack angle φ, due to the symmetry of the problem, this entrance angle is indistinct; we took for our experiments φ = 0 o . In the application presented in this paper the effects of the exact direction of entrance of the flyby resulted of no importance, this, due to the fact that: a) in the current Solar neighborhood stars will not come close enough for the angle to be important and the effect of encounters at such large distances would be negligible, even for objects in the Oort cloud in the majority of cases; b) in the case of the birth cloud of the Sun, stars approaches might have been important, however in this case the orientation of discs with respect to flybys are unknown and probably rather random.
Since we are talking about one single encounter in this Galactic environment, we chose a general interaction, this is 45 o for θ and α, that should produce an intermediate effect produced by all possible inclinations of the orbital plane. This means, the flyby orbit will enter at 45 o with respect to the plane of the disc, and 45 o with respect to the disc axis. It is worth to mention, that the results are nearly insensitive to changes of α, while changes in θ produce diferent results being larger for θ = 0 o . A global study of the parameters will be presented on a future paper.
RESULTS
Here we present the first two Galactic regions studied in this work.
The Solar Neighborhood
For the Solar neighborhood, we looked for the closest stars to the Sun with known position, radial velocity and proper motions. It is worth to mention that for the nature of the sample, this is, we are able only to compute stars with 6D known information from literature, our sample is biased to the closest, more massive and with the largest proper motion stars. However, this bias actually represents the most important candidates to perturb our planetary disc. Considering this bias, from the more than a thousand stars in the full sample, we find that 67 stars passed or will pass within 3 pc from the Sun, between the last 8 Myr and the next 5 Myr, this is roughly, 5 stars per Myr. Only one of this 67 set, will barely perturb the outer Oort cloud, and the planetary disc will not notice that star in the dynamical sense. On the other hand, it should be noticed that there could be a star of which we do not have 6D information that could come even closer than G710. Even in our sample, we could have stars that will approach to the Sun several times along the stellar trajectories around the Galaxy, but in this case, there is no model of the Galaxy good enough to warranty precise orbits for these stars for more than a few million years.
The Stellar Sample
We used parallax and proper-motion data and uncertainties from the Hipparcos catalog for 1167 nearby stars suspected to pass close to the Solar System. We take radial velocity measurements from different catalogs (Hipparcos, Simbad, Nexxus2) and papers (Bower et al. 2009; Dybczynski 2006; García-Sánchez et al. 1999 ) to produce six-dimensional trajectories of the whole sample of stars, and calculate the distance at the point of maximum approach to the Sun, the time and velocity (the whole table is available on request via e-mail). From this sample, we produced a subsample of 67 stars with their observational uncertainties and calculated closest approach distances to the Sun, within 3 pc. From this subsample, we ran 34 stars toward the past (those receding now), and 33 stars toward the future (those approaching now) looking for those passages that might perturb on the Solar System. In particular, these 67 stars are potential perturbers of the Oort Cloud (García-Sánchez, et al. 1999) .
The stars with the closest approach distances, within 3 pc from the Sun, are listed in Tables 1 and 2 sorted first by receding versus approaching then by parallax. Columns are arranged as follows, star's name, parallax, radial velocity, minimum approach distance to the Sun, approach time, and relative velocity. These predicted passages are contained in a time interval of about -8 and +4 Myr. The close-approach distances vs. time are shown in Figure 2 . In the upper panel of this figure we show the variation with time of the separation distance between each star and the Sun, at the moment of maximum approach, for all stars in our sample (of 1167 stars) which closest distance is less than 30 pc. The lower frame is a zoom that shows the stars with the closest approach distances, within 3 pc (Tables 1 and 2 ), both plots for the time interval, from -8 Myr to 4 Myr. Stars coming within 2-3 pc may perturb the Oort cloud. The star with the closest future approach is Gliese 710 (GJ 710). The predicted minimum distance for this star is 0.34 pc, in 1.36 Myr. This is the only star in the sample with an approach distance less than the radius of the Oort cloud ∼ 0.48 pc.
The Most Interesting Candidates
From this sample, if we ignored the uncertaities, we could conlcude that none of these stars would approach to the Sun closer than ∼ 70, 000 AU (more than 200 times beyond than necessary to start affecting the outskirts of our planetary system). We have considered however, observational uncertainties in this work. The stars that may produce important (even dangerous) approaches to the Sun, are those whose tangential velocity were potentially zero (simultaneously in α and δ). We will then check on those stars with a tangential velocity (or approach distance to the Sun), is consistent with zero at 3σ. This includes both stars with small tangential velocity and those with uncertain tangential velocities. This makes a total number of 12, 8 to the past and 4 to the future, from the whole sample of 67 objects.
For these 12 stars (labeled with an asterisc in Tables  1 and 2) , we have separately produced in Figures 3 and 4 , histograms, eight to the past and four to the future. In each histogram we computed 10,000 random realizations with a normal distribution for the initial conditions within all the observational uncertainties, with the notable exception of the paralax, where the value was restricted to positive values. In these diagrams we analize the most likely approach distance sun-star toward the past and future respectively. All diagrams were done with the same bin size of 0.01 pc and the same axes (for all stars in the corresponding diagram) for better see differences between the stellar approaches to the past or to the future.
The number of approaches closer than 0.01 pc is of 3 to the past and 8 to the future, this is equivalent to a probability of 0.03% to the past and 0.08% to the future of an approach to less than 0.01 pc. A more interesting distance is of course one that could cause a noticeable effect on the planetary disc, that we know now is approximately of 300 AU, as we will show in Section 3.1.4. The probability of a closer than 300 AU approach is then of ∼ 0.0017% from the 8-stars to the past and of ∼ 0.0006% from the 4-stars to the future. The probabilities with these stars to pass close enough to affect the planetary disc of the Solar system are extremely low, even for the star that will approach closest (GJ 710).
Comparison between the Straight Line
Approximation, a Local, and Global Potentials
Following García-Sánchez et al. (2001), we compare stellar orbits with our global potential to those using the straight line approximation and a local potential approximation from their paper. For distances of the stars larger than 50 pc the local and straight line approximations give important differences with respect to a global model, even with times as short as 1 Myr. García-Sánchez et al. (2001) concluded that within a time interval of ± 10 Myr from the present time, the predicted encounters are fairly well determined for most of the candidate stars. They are not altered significantly by the use of alternative Galactic potential models or by varying the plausible values of the Galactic parameters. The most inter- esting result is the future passage of Gliese 710 through the outer Oort cloud. This result is in good agreement with the predictions using other Galactic potential models, the prediction of this stellar passage is not model dependent owing to its proximity to the Sun. They integrated the trajectories using three different models of the Galactic potential: a local potential model, a global potential model and a perturbative potential model. The agreement between their models was generally good.
We are interested in knowing the approximate distance to the stars, where the straight line and local approximations differ significantly from the global model. To do so, we use the data in Table 2 of García-Sánchez et al. (1999) for the closest encounters, using a simple rectilinear motion of the stars, and also the data for the closest encounters using a local Galactic potential.
In Table 5 : we show 142 stars close to the Sun (within approximately 190 pc). From this sample, we obtain 74 (∼ 52%) stars for which the difference among the approximations to the potential employed (global, local or linear) is negligible. In Figure 5 , we show the relative errors of the closest approaches (missing distance errors), between the global vs. straight line approximations (blue triangles), and between the global vs. local approximations (red squares), Table 3 . Relative errors between different approximations to the Galactic potential. Column 1 is the name of the object; Columns 2, 3 and 4 show the close-approach distance to the Sun in pc with the global (from this work), local and straight line approximations (García-Sánchez et al. 2001 ,1999 ; Columns 5,6 and 7 present the relative errors (G=Global, Lo=Local, Li=Linear) and the last column is the current distance to the star in pc. as a function of distance from the Sun. From this figure, we can appreciate that the three approximations give the same results up to distances of ∼20 pc. Even for times as short as 10 Myr, stars beyond ∼20 pc have significant differences in their trajectories for the different approximations, showing where the Galactic global potential becomes important. A local potential clearly does better than the straight line approximation. For completeness, we compare the results of our global model including arms and bar, with the simple global model of García-Sánchez et al. (2001) , that includes spiral arms. In this case we find 73% of our trajectories differ by less than 3%, and for the rest (the most distant stars in general) the error is 6-26%. Differences among stellar orbits due to the use of different models for the Galactic field or the simple stright-line approximation, become more important the farer the star is, making even more uncertain approaches to the Sun in its path for the Milky Way disc. Deeper and precise observations as the ones are coming in the near future, will improve dramaticaly our knowledge on this field, and will make more important to use better models of the Galaxy.
The Solar System Under the Influence of Stellar Encounters at the Solar Neighborhood
The overarching goal of our work in this set of papers will be to address quantitatively the effect of stellar encounters in different Galactic environments. In this section, we start with the nascent Solar System and the current stellar environment. For this purpose, we model a simple planetary system (or disk) with 1000 particles distributed from 1 to 100 AU. We study this system for a total integration time of 10,000 yr, which is much longer that the typical encounter timescale.
We chose the parameters of Gliese 710 (0.6 M⊙, approximation velocity 13.9 km s −1 ) and an estimated closest approach less than 0.3 pc, 1.4 Myr in the future, to calculate its effects in the Solar System. The effect of this specific star will be interesting for the Oort cloud, but we find that Gliese 710's effect is negligible for a 100 AU planetary system.
We ran a grid of simulations for a flyby star mass of 1 M⊙ and closest approaches between 100 AU and 1000 AU, in steps of 50 AU. Disk disruption starts to be significant for approaches within about 200 AU. We also find a good agreement to the analytical result of Hall, Clarke & Pringle (1996) where they find that a disk is affected to ∼ 1/3 the closest approach distance. With these parameters and the velocity of GJ 710 (13.9 km s −1 ), we calculate the gravitational effect on a planetary disc and we present it in Figure  6 . The figure shows four panels, representing the orbits of particles in x-y (left frames) and x-z (right frames) planes, before (upper frames) and after (lower frames). Figure 7 shows the resultant orbital characteristics of the disc after the encounter, eccentricity of particles (upper left frame), inclination (upper right frame), pericenter distance (lower left frame) and apocenter distance (lower right frame), all plotted versus the semimajor axis. The effect on the disc is slight but clear starting at 40 AU, where particles reach an eccentricity up to 0.1.
Effect of Gliese 710 on the Oort Cloud
The solar system's disk and Kuiper belt are surrounded by the Oort cloud, which contains 1 × 10 11 to 5 × 10 12 cometary nuclei with a total mass ∼ 1 to 50 M⊕ (Stern 2003) . Comets in the Oort cloud evolve dynamically under the influence of external perturbers such as random stellar passages. Close or penetrating passages of stars through the Oort cloud can deflect comets toward the inner planetary region (Hills 1981; Weissman 1996; Kirsh et al. 2009; Brasser et al. 2006 Brasser et al. , 2007 Brasser et al. , 2008 .
One important issue in the scenario of the flyby star is the effect it would have on the loosely bound outer Oort cloud. Small gravitational perturbations could have severe effects on the cloud due to the direct effect on the Sun. A simple calculation using the impulse approximation predicts Figure 2 . Miss distance vs. time of stellar approaches for those stars in the total sample of 1167 stars within 30 pc as maximum approach distance to the Sun. The Oort cloud boundary at ∼0.48 pc is plotted as reference. The lower frame is a zoom that shows a subsample with the closest approach distances (less than 3 pc) to the Sun (see Tables 1 and 2 ) and their computed uncertainties. Some star's names are illustrated in the figure. that during a stellar encounter the velocity of the Sun would change by δv ≈ 2 G M * q * v∞
. With the values of Gliese 710, for the stellar mass, M * = 0.6 M⊙, the closest distance of the encounter, q * = 0.34 pc (∼70,000 AU) and the velocity at infinity, v∞=13.4 km s −1 . This would result in 5.8×10 −4 km s −1 change in the solar velocity, a negligible value compared with the typical Oort cloud speed of 0.2 km s −1 or with its escape velocity at the boundary (∼ 0.1 km s −1 ), so Gliese 710 has no ability to strip the Oort cloud from the Sun. However, it has the potential to send a comet flux toward the inner Solar system. This will cause the appearance of a new comet per year and the net increase of the risk of astronomic impact will not be detectable (García-Sánchez et al. 2001 ). In star formation regions such as Sun's putative birth location inside a dense cluster, stellar densities are high enough to produce stellar encounters within 300 AU before the dissolution of the stellar cluster (Laughlin & Adams 1998; Adams 2010) . Also, in this environment, encounters are stronger owing to lower typical velocity dispersions between 1 and 3 km s −1 . Let us consider, for example, a planetary disc around a given star on a crowded stellar environment. Let us assume solar mass stars for generality. The star-disc system will experience encounters with other systems with an interaction rate that can be written as γ = nσv = n σ v , where n is the number density of stars in the cluster, σ is the cross section for interaction, and v is the relative velocity (velocity dispersion in this case). For a rough estimate of the interaction rate among stars, we use the typical values for open clusters. In their work, Laughlin & Adams (1998) , calculate the interaction rate for the Trapezium cluster, using a central density of n0 ≈ 5 × 10 4 pc −3 and a velocity dispersion of a few km s −1 , and an interaction cross section of 100 2 AU 2 , obtaining a rate of interaction of one encounter every 40 million years. Considering open clusters live for at least 100 million years, it is expected these interactions are significant in those environments. In the case of the Sun's birth cloud several observables, such as the inclinations of Uranus and Neptune (which are sensitive to stellar interactions) place densities at similar amounts of typical open clusters, this is ∼ 3 × 10 4 M⊙ pc 3 (Gaidos 1995) . Furthermore, the orbit of (90377) Sedna supports the idea that the Solar system was born in a stellar cluster with a non-negligible density (Brasser et al. 2006; Kenyon & Bromley 2004; Morbidelli & Levison 2004) .
In this section, we present experiments to reproduce some of the Kuiper belt bodies orbital characteristics, such as eccentricities and inclinations. We have chosen four closeapproach distances (200, 150, 100 and 50 AU), coupled with three initial approach velocities (1, 2 and 3 km s −1 ) for a stellar flyby interacting with a 100 AU disc of particles. The mass of the perturbing star is 1 M⊙, and angles involved in the geometry of stellar encounter have the general values, θ=45
• (angle between the plane of the stellar trajectory and the plane of the disc) and α=45
• (angle between the axis of the stellar trajectory plane and the axis of the disc).
In our initial conditions, test particles have e = i = 0. In Figure 8 we show our results of perturbations produced in the disk of particles by a flyby. The columns represent different values of the initial approach velocity (1, 2 and 3 km s −1 ) and rows represent different values of closest approach distances (50,100,150 and 200 AU). Each panel shows the positions of the test particles in the x-z plane after the encounter with the flyby star.
In Figures 9 and 10 we show the resultant eccentricities and inclinations, plotted versus semi-major axis. Columns represent different distances of closest approach, within 200 AU, and rows indicate different values of velocity dispersion, within 3 km s −1 . As a reference, in all plots, we include the known Kuiper belt objects, including the resonant and classic objects (pink triangles), and the scattered objects, including also Centaurs at radii less than 30 AU (green crosses).
Our best fit happens at a distance of maximum approach between 100 and 150 AU and a velocity of ∼1 km s −1 , with an unaltered inner planetary system (as far as 30 AU) where the most of particles between 30 and 50 AU have up to e = 0.2 and i < 20
• . In this simulation we also obtain some dispersed objects with high eccentricities and low semimajor axis as many of the objects seen in the planetary system. From 42 to approximately 48 AU there are objects with eccentricities up to 0.4. We are able to match these objects using encounters with a velocity at infinity of 1 km s −1 and a close-approach distance of 100 AU. This results in eccentricities from 0-0.1, on semimajor axis interval 0-40 AU, and eccentricities from 0 to 1 on semimajor axis in the interval 40-65 AU and from 65 until 100 AU the most of particles are dynamically evaporated, this means that objects with low eccentricity and large semimajor axis (larger than 50 or 60 AU) are scarce in these experiments as it is the case in the Kuiper belt.
CONCLUSIONS
This paper is the first step in an extensive study of the gravitational effect of a flyby star on a 100 AU disc, representing debris discs (and/or planetary systems) given the particular conditions of several environments of the Galaxy. In this work, we analyzed the effect of the Solar neighborhood and the birth cloud of the Sun. In the current Solar neighborhood, we find that Gliese 710 will be the closest star to the Sun 1.36 Myr in the future with a minimum distance of 0.34 pc (∼70,000 AU). This stellar encounter will lead to direct interactions between the star and the Oort cloud. This star has a mass of 0.6 M⊙ currently located at 19.3 pc from the Sun. We calculated its velocity at the point of minimum distance with the Sun as 14 km s −1 . The effect generated by Gliese 710 on a 100 AU planetary system will be negligible. The minimum distance for which the effect caused by Gliese 710 would start to be noticeable is ∼300 AU, producing a slight heating of the outer parts of the 100 AU planetary disc, with eccentricities up to 0.1 on semimajor axes between 60-100 AU and inclinations up to 10
• . With a simple impulse approximation we find that Gliese 710 will not even have an important effect on the global structure of the Oort Cloud.
For stars of the Solar neighborhood, with 6D known information, we constructed orbits in order to compare the use of a simple straight line approximation, a local approximation to the Galactic potential, an axisymmetric potential and a full Galactic potential (including spiral arms and bar observationally motivated). Even for times as short as 10 Myr, stars beyond ∼20 pc have significant differences in their trajectories for the different approximations, showing where the Galactic global potential becomes important. A local potential clearly does better than the straight line approximation. Comparing the global potential model (including spiral arms and bar), with the simpler model of García-Sánchez et al. (2001) (that includes spiral arms), we find that 73% of our trajectories differ by less than 3%, and for the rest (the most distant stars in general) the error is 6-26%. Differences among stellar orbits due to the use of different models for the Galactic potential field or the simple straight line approximation, become more important the farer the star is, making even more uncertain approaches to the Sun in its path for the Milky Way disc. To compute precise stellar orbits of the Solar neighborhood, taking advantage of the new generation of data produced by large surveys, will requiere better models of the Milky Way Galaxy instead of simpler approximations.
Finally, regarding the birth cloud of the Sun, we produced several experiments to reproduce the orbital parameters of the Kuiper belt objects. We know that at 42-48 AU there are objects with eccentricities up to 0.4. We are able to approximate these objects using encounters with a velocity at infinity of 1 km s −1 and a close-approach distance of 100 AU. This results in eccentricities from 0 -0.1, on semimajor axis interval 0-40 AU, and eccentricities from 0 to 1 on semimajor axis in the interval 40-65 AU and from 65 until 100 AU the most of particles are dynamically evaporated. 
